Livers of normal rats are devoid of catalytically or immunochemically reactive tryptophan oxygenase (EC 1.13.1.12) up to the 10th postnatal day; the enzyme reaches adult concentrations on about the twentieth day. Premature tryptophan oxygenase synthesis can be evoked in 4-day-old rats: if an injection of glucocorticoid is followed, a day later, by an injection of tryptophan, adult levels of tryptophan oxygenase activity and antigen content can be attained within 5 hr. The prematurely evoked tryptophan oxygenase is degraded in about 2 days, but the preparatory action of the glucocorticoid is longlasting. Even 4 days later, an injection of tryptophan can evoke significant enzyme formation. Actinomycin D, injected together with or 12 hr before the tryptophan, is not inhibitory, but if injected with the glucocorticoid it prevents enzyme formation upon later injection of tryptophan. The observations suggest that appearance of the new enzyme in developing tissue results from the sequential action of more than one stimulus and that the potentiality for its transcription may develop long before its actual synthesis.
In recent years we succeeded in experimentally evoking the accumulations of several enzymes in rat liver at earlier stages of development than when they normally appear. It was thereby possible to identify some of the physiological factors that regulate enzymic differentiation (1) . Thyroxine and glucagon evoked the formation of certain liver enzymes that normally emerge during late fetal and neonatal life, respectively, and glucocorticoids promoted the formation of some enzymes of the cluster that emerges during the late suckling period (2) . Tryptophan oxygenase (i,-tryptophan: oxygen oxidoreductase, EC 1.13.1.12) belongs to the latter cluster: as first shown by Nemeth (3) , it is absent from rat liver until the third week of postnatal life. However, neither an injection of glucocorticoid (4) nor one of tryptophan (3) evoked the enzyme prematurely, although both factors raise the concentration of the enzyme in mature livers (5) . The premature evocation of another enzyme in this cluster, glucokinase (ATP: D-glucose 6-phosphotransferase, EC 2.7.1.2), required prior treatment with hydrocortisone as well as an injection of the substrate, glucose (6) . The present study shows that the evocation of tryptophan oxygenase also requires the sequential applications of hormone and substrate stimuli.
MATERIALS AND METHODS
Rats were of the NEDH inbred strain. iTryptophan, hydrocortisone, corticosterone, and actinomycin D were injected intraperitoneally, in amounts of 35, 2.5, 10, and 0.005 mg, respectively, per 100 g of body weight. Tryptophan oxygenase was assayed, after conversion to fully active holoenzyme, as described by Piras and Knox (7) . Each preparation was also assayed in the presence of excess antiserum from rabbits immunized with partially purified tryptophan oxygenase from rat liver. This antiserum inhibits tryptophan oxygenase; the low apparent activity in its presence, equivalent to an enzyme-free blank, was always subtracted from the activity obtained without added antiserum. The activities were then expressed in units (nmol/min at 2500) per g liver, fresh weight. The immunochemical titration of tryptophan oxygenase in developing rat livers was carried out by the method of Knox et al. (8) , in the presence of added amounts of adult liver supernatant with known amounts of tryptophan oxygenase. The antiserum was standardized against the adult liver preparation, with antigen units set equal to catalytic units.
RESULTS
The solid line in Fig. 1 illustrates the developmental formation of tryptophan oxygenase in normal rat liver through the third postnatal week. Up to the age of 10 days there was no significant rise in activity in either untreated rats or in those given an injection of tryptophan 5 hr before assay. At the age of 14 days, when there is already some tryptophan oxygenase in the liver, the same treatment with tryptophan resulted in a major rise in enzyme concentration. Rats adrenalectomized at the age of 11 days accumulated less tryptophan oxygenase, but adrenalectomy at the age of 14 days was without significant effect.
In animals less than 14 days old, tryptophan oxygenase could be evoked only if an injection of hydrocortisone or corticosterone (the natural glucocorticoid in rats) preceded that of tryptophan ( Fig. 1) centration even if administered 4 days after hydrocortisone; in rats of the same age (8 days) not given a prior injection of hydrocortisone, tryptophan evoked no tryptophan oxygenase activity. The effectiveness of tryptophan, even after a 4-day delay, is unlikely to be due to the persistence of the hormone in the body, since prior treatment with the highly soluble succinate salt of hydrocortisone also permitted tryptophan to be effective 4 days later.
2 or 3 days after an injection of hydrocortisone acetate, young rats show a 10-15% loss of body weight. The small amount of tryptophan oxygenases synthesized in these rats without tryptophan injections (see Fig. 2 and Table 1 ) is probably due to some endogenous release of tryptophan secondary to protein breakdown. This secondary action is apparently less when hydrocortisone succinate is used (Fig. 2) .
The immunochemical estimation of tryptophan oxygenase involves activity measurements in the presence of various amounts of the inhibitory antiserum (8) . We estimated the antigen content of preparations with low or undetectable catalytic activity by adding them to adult liver cytosol of known tryptophan oxygenase content. A value of zero in Table 1 indicates that the antigen titer of the latter was unaltered when mixed with 3 volumes of cytosol from developing livers. Values under 10 are of doubtful significance and only when the value is over 30 were the measurements reproducible within a 10-20% error. Table 1 shows that livers of 5-to 8-day-old untreated rats are devoid of tryptophan oxygenase antigen. In those injected with hydrocortisone acetate (24 hr or 4 days before assay) there may be a small amount of antigen, but in the 5 hr after an injection of tryptophan to such rats there is always a major increase in antigen content paralleling the increase in catalytic activity. Thus, in rats previously treated with hydrocortisone, tryptophan causes the accumulation of new enzyme protein rather than the activation of preexisting antigen; without the hormone treatment, an injection of tryptophan is not followed by a rise in activity or antigen content.
RNA synthesis de novo appears to be necessary for the preparatory action of hydrocortisone but not during the actual -I Each experiment utilized one litter (4 days old at the beginning of the experiment) divided into three groups; the three or four livers within each group were pooled. Tryptophan was always injected 5 hr before assay. In Expts. 1 and 2, hydrocortisone acetate was injected 29 hr before assay, i.e., 24 hr before tryptophan. In Expts. 3 and 4, hydrocortisone was injected 4 days before tryptophan.
formation of the enzyme (Table 2) . If actinomycin D is given just before hydrocortisone, the subsequent injection of tryptophan 24 hr later evokes no tryptophan oxygenase. But if actinomycin D is given 21 or 25 hr after hydrocortisone (i.e., 3 hr before tryptophan or with the tryptophan), there is no significant inhibition. Partial inhibition is seen if actinomycin D is given 17 hr before tryptophan, which suggests that the RNA-dependent preparatory action of hydrocortisone requires some hours to be fully accomplished. This is consistent with the observation that tryptophan is not fully effective if administered too soon after the hydrocortisone (see Fig. 2) . DISCUSSION
In previous studies, neither adrenalectomy nor actinomycin D treatment at the age of 14 days inhibited the subsequent accumulation of tryptophan oxygenase in rat liver; it was concluded (9) that the developmental formation of tryptophan oxygenase was not under glucocorticoid control but was regulated by the "substrate-type" mechanism similar to that operating in the tryptophan induction of the enzyme in adult liver (10) . The present experiments suggest that this interpretation is valid only for the later period during which the synthesis of the enzyme is already in progress. The preparation for the synthesis does in fact involve glucocorticoid action since adrenalectomy, performed not later than the eleventh postnatal day, inhibits the developmental formation of tryptophan oxygenase. Emergence of tryptophan oxygenase in normal rats does not coincide with the establishment of pituitary-adrenal activity around the time of birth, but with the secondary rise in this endocrine function which occurs around the tenth postnatal day, after a latency period of some 7 days (11) . That glucocorticoid alone does not evoke tryptophan oxygenase prematurely further indicates that this hormone is a necessary, 
